Introduction
Birth trauma is defined as an injury sustained by the neonate during the process of labour and delivery. [1] [2] [3] It usually results from trauma sustained during a difficult delivery or secondary to obstetric manipulation of the fetus to allow for delivery. 3, 4 The incidence of birth trauma has reportedly decreased over time because of improvements in obstetric care and prenatal diagnosis; 5 however, it still occurs even in the presence of highly skilled obstetric and neonatal care. 3 In studies conducted primarily at single hospitals, birth trauma has been estimated to occur in 2-7% of all deliveries and is associated with an increased risk of infant morbidity and mortality. 3, 6, 7 The few studies that provide population-based national birth trauma estimates report rates ranging from 0.2 to 37 birth traumas per 1000 births. [8] [9] [10] The various birth trauma definitions, study populations and methods used throughout the birth trauma literature make comparisons among or meta-analyses of studies difficult. Because of the minimal number of population-based studies and the inconsistencies among the published birth trauma rates, the rate of birth trauma in the US remains unclear.
The purpose of this study was to determine the rate of birth trauma in the US through the utilisation of a population-based sample of in-hospital births. The specific aims were: (i) to determine a national estimate of the rate of birth trauma, (ii) to determine the rates of specific types of birth trauma, and (iii) to report the rates and odds ratios (OR) of birth trauma stratified by demographic, hospital and various clinical variables.
Methods
The data source for this study was the 2003 Healthcare Cost and Utilization Project (HCUP) Kids' Inpatient Database (KID). The KID is an ongoing part of HCUP sponsored by the Agency for Healthcare Research and Quality (AHRQ); it is the only database on children's hospital use, outcomes and charges in the US. 11 The 2003 KID collected hospital discharge data from 3438 community, non-rehabilitation hospitals in 36 states (AZ, CA, CO, CT, FL, GA, HI, IA, IL, IN, KS, KY, MD, MA, MI, MN, MO, NC, NE, NH, NJ, NV, NY, OH, OR, RI, SC, SD, TN, TX, UT, VA, VT, WA, WI and WV) for the year 2003. 11 Hospital discharges from federal hospitals (Veterans Administration, Department of Defense and Indian Health Service hospitals), longterm hospitals, psychiatric hospitals, alcohol/chemical dependency treatment facilities and hospital units within institutions (such as prisons) are excluded from the KID. 11 The KID is described in further detail elsewhere. 12 Only births in hospital were included in this study. These births were identified in KID as a record with a principal or secondary diagnosis code ranging between V3000 and V3901 (with the last two digits of '00' or '01') and where the patient was not transferred from another facility. 11 After this exclusion, the study sample consisted of 890 582 in-hospital birth discharges from the 2003 KID. Discharge weights were applied to the study sample to adjust the data to represent nationwide birth discharges and obtain national estimates. The KID discharge weights were developed using the American Hospital Association universe as the standard and by post-stratification of hospitals on ownership/control, bed size, teaching status, rural/ urban location, geographical region and hospital type (children's hospital or other). 11 After applying the weights, the data represented a weighted national estimate of 3 920 787 in-hospital birth discharges for 2003.
Birth trauma was defined in this study as an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code from 767.0 to 767.9 in any one of the 15 diagnosis variables in the KID. The ICD-9-CM was 'the official system of assigning codes to diagnoses and procedures associated with hospital utilisation in the United States' in 2003. 13 Birth trauma was further classified by specific type of birth trauma, including subdural and cerebral haemorrhage (ICD-9-CM 767.0), injuries to the scalp (ICD-9-CM 767.1), fracture of the clavicle (ICD-9-CM 767.2), other injuries to the skeleton (ICD-9-CM 767.3), injury to the spine and spinal cord (ICD-9-CM 767.4), facial nerve injury (ICD-9-CM 767.5), injury to the brachial plexus (ICD-9-CM 767.6), other cranial and peripheral nerve injuries (ICD-9-CM 767.7), other specified birth trauma (ICD-9-CM 767.8) and birth trauma, unspecified (ICD-9-CM 767.9). This study was approved by the University of Pittsburgh's Institutional Review Board. All analyses were conducted on the weighted data using SPSS 15.0 (SPSS Inc., Chicago, IL, USA) and SAS version 9.1 (SAS Institute Inc., Cary, NC, USA). SAS's PROC SURVEYFREQ 14 procedure was used to determine the national estimates of all birth trauma and specific types of birth trauma. These estimates were then used to calculate the rates of all birth trauma and specific types of birth trauma. SAS's PROC SURVEY-LOGISTIC 15, 16 procedure with the total number of primary sampling units in the study population to compute a finite population correction for Taylor series variance estimation was used to calculate ORs, 95% confidence intervals [95% CI] and P-values for several demographic, hospital and clinical variables. The STRATA, CLUSTER and WEIGHT statements were also used to specify sample design information in the PROC SURVEYLOGISTIC procedure and to take into account KID's sampling design.
Results
All of the following results are based on the weighted data. The rate of reported birth trauma was 28.6 or approximately 29 per 1000 in-hospital births (Table 1) . This rate extrapolates to a birth trauma diagnosis in approximately 111 989 in-hospital births for the US in 2003. Injuries to the scalp were the primary type of birth trauma (20.06 per 1000 births) followed by other injuries to the skeleton (3.70 per 1000 births) and fracture of the clavicle (2.43 per 1000 births) ( Table 1) . When the data were stratified by demographic variables (Table 2 ) it was clear that boys, Asian or Pacific Islanders and high-birthweight infants had higher rates and ORs of reported birth trauma. When the data were stratified by location of the mother (based on an urban to rural designation for the mother's county of residence) the rate and OR of birth trauma decreased as the location became more rural. Similarly the rate and OR of birth trauma decreased as the median household income for the patient's zip code also decreased (Table 2) . When the data were stratified by payer information, only those with Medicare had a significantly reduced OR of reported birth trauma compared with those with private payer ( Table 2) .
The 2003 KID includes 36 of the 50 states. The average rate of birth trauma was 27.2 per 1000 births across all 36 participating states, but the rate ranged from 15.3 cases of reported birth trauma in South Carolina to 57.5 cases of reported birth trauma in Maryland per 1000 in-hospital births. When the data were stratified by various hospital variables, it can be seen that hospitals in the Western United States as well as urban, teaching and urban teaching hospitals reported the highest rates and ORs of birth trauma (Table 3 ). There were no significant differences in the rates or ORs of birth trauma among hospitals with different bed sizes (Table 3) .
Of the infants diagnosed with birth trauma 6.8% were also diagnosed with a complication of labour and delivery; only 0.9% of the infants not diagnosed with birth trauma were diagnosed with a complication of labour and delivery (data not shown). The corresponding OR for any complication of labour and delivery for all birth trauma was highly significant (OR = 7.93, 95% Table 4 ). The most frequently diagnosed complications of labour and delivery for infants with reported birth trauma were delivery by vacuum extraction (2.6%) followed by other malpresentation, malposition and disproportion (2.0%) and forceps delivery (0.9%) ( Table 4 ); in comparison, only 0.1% of infants without birth trauma were diagnosed with each of the above complications (data not shown). These three complications also had the highest unadjusted ORs for all the birth trauma categories ( Table 4 ). The diagnosis of a complication of labour and delivery was also highly significant for each of the specific types of birth trauma (Table 4) . However, the prevalence of each complication of labour and delivery varied to some degree by the type of birth trauma reported (Table 4) . When the data were stratified by various severity indicators (Table 5 ) it was found that the rate of reported birth trauma was highest in neonates with a length of stay Ն5 days, the rate and OR of reported birth trauma was highest in those with five diagnoses and three or more procedures, and as the total hospital charges increased so did the rate and OR of reported birth trauma (Table 5) . Interestingly, the rate of birth trauma was higher in the infants that did not die during hospitalisation than in those who died during hospitalisation. Compared with neonates who did not die during hospitalisation, the ones who died were 41% less likely to have a reported birth trauma (Table 5) .
Discussion
This study's reported birth trauma rate of 28.6 per 1000 births is higher than many other published rates, but is 8 which is one of the few studies in the literature that provided a recent national estimate of birth trauma. Their national estimates were derived from the National Hospital Discharge Survey and included 55 210 newborns in 1989-90 and 68 678 newborns in 1999-2000. 8 Tomashek et al. estimated that the rate of birth trauma in all newborns was 37.0 per 1000 newborns in 1989-90 and 29.2 per 1000 newborns in 1999-2000. 8 A 7-year study conducted in Finland and published in 1990 reported the rate of major birth trauma as 31.6 per 1000 livebirths. 17 Other studies have reported much lower rates of birth trauma. For instance, Hankins et al. in 2006, through an Ovid Medline literature review restricted to the previous 10 years of literature using the search term 'fetal trauma', estimated that the incidence of significant birth trauma varied from 0.2 to 2 per 1000 births. 9 At a single hospital in Saudi Arabia, Awari et al. in 2003 determined that birth injuries had an incidence of 6.7 per 1000 livebirths through a retrospective review of the medical records of 31 028 consecutive deliveries from January 1986 to December 1996. 10 The reported rate in the study by Awari et al. is higher than Hankins et al., but much lower than the rate reported in the current study and by Tomashek et al. Interestingly, this study showed that Asian or Pacific Islanders were more likely to experience birth trauma; however, there were no clear reasons for the increased risk. For instance, only 1.3% of the Asian or Pacific Islander infants experienced any complications of labour and delivery compared with 1% in all births. Furthermore, of the Asian or Pacific Islander infants with a reported birthweight, 85.9% were of normal weight and only 5.7% had a high birthweight compared with a high birthweight in 9.2% of all births. Some of the increased risk could be as a result of the fact that Asian or Pacific Islander neonates primarily lived in the wealthiest neighbourhoods (41.8%) and were born in urban (95.6%) and Western hospitals (50%). Another possibility for the increased risk could be anatomical, including pelvic differences among Asian or Pacific Islander women; however, further research is needed.
It is important to point out that neonates with birth trauma have a reduced rate and OR of death during their hospitalisation. We speculate that in some cases, choices are made or procedures are performed during labour and delivery to protect the health and lives of both the pregnant woman and fetus, even if they increase the risk of birth trauma. For instance, if a fetus is known to be experiencing hypoxia or birth asphyxia, a physician may make the decision to use vacuum extraction or forceps delivery to reduce the risk of potential adverse health effects resulting from a lack of oxygen. Although the instrument delivery may cause birth trauma [the OR for birth trauma in infants diagnosed with intrauterine hypoxia and birth asphyxia was OR = 2.35, 95% CI [2.14, 2.58] in this study (data not shown)], the benefits of using the instrument to resolve hypoxia/asphyxia will likely outweigh the risks of birth trauma.
Also of interest, the birth trauma rate in 'normal newborns' with uncomplicated in-hospital births was 17.5 birth traumas per 1000 in-hospital births (data not shown). This rate is approximately only 11 fewer cases per 1000 in-hospital births than the overall rate of 29 cases of birth trauma per 1000 in-hospital births. This raises the question of what is an acceptable or normal rate of birth trauma. Even during an uncomplicated natural vaginal delivery the neonate is exposed to several forces as it passes through the birth canal that can cause birth trauma. Therefore, it is not unreasonable to believe that the birth trauma rate will never be zero and that a specific rate, perhaps approximately 18 per 1000 in-hospital births, should be considered an acceptable and normal baseline for birth trauma.
This study has several strengths. Specifically, the KID provides current, quality controlled and reliable national data with a much larger sample size and more recent data than any previously published birth trauma study. The large sample size also allowed for rate calculations of specific types of birth trauma as well as stratification of the data by key variables.
Our study was limited by the fact that not all data elements in the KID are provided by each state. 11 Therefore, some of the analyses used incomplete data. This has the potential to bias some of the results, but with such a large sample size and through the use of advanced statistical procedures, any resulting biases would be very limited. Another limitation is the possible variation among hospital coding practices. The data in the KID rely solely on hospital discharge data and are therefore only as complete and accurate as the hospital reports allow.
However, the use of hospital discharge data is also a strength of this study. Lydon-Rochelle et al. quantified the accuracy of administrative data (birth certificate data, hospital discharge data and combined birth certificate and hospital discharge data) for reflecting actual maternal diagnoses and intrapartum procedural status. 18 They determined that perinatal epidemiological studies should not rely exclusively on birth certificate data. 18 This study used hospital discharge data that were shown by Lydon-Rochelle et al. to have generally high true positive fractions or accuracy for detecting maternal diagnoses and intrapartum procedures. 18 Another potential limitation is that it is unknown whether it is the hospital, the population it serves, or a combination thereof, that is driving the increased risk of birth trauma. Further research is needed to explore this issue.
A final limitation is the possibility of confounding. Only diagnoses of birth trauma were taken into account for analyses and, although a majority of birth trauma cases had the same average number of diagnoses as in-hospital births without birth trauma, the potential for confounding because of other diagnoses should be kept in mind when interpreting results.
There are several clinical and public health implications of this study. Through a population-based national estimate it was determined that the rate of birth trauma in the US is higher than a majority of studies have previously reported. Health professionals may have the ability to decrease the number and rate of infants diagnosed with birth trauma by recognising perinatal risk factors for birth trauma and using technological advancements (such as ultrasonography and fetal monitoring) before attempting a vaginal delivery. 19 In addition, further birth trauma research, including more in-depth classification (such as an expansion of the work done by Pressler 19 ) and follow-up of infants who are diagnosed with birth trauma, will better quantify the morbidity and mortality of birth trauma by type and among infants and women with various birth trauma risk factors. Prevention of birth trauma will also reduce the number of stresses that it places on the health care system because neonates with birth trauma were shown in this study to have higher costs, greater lengths of stay, and have more medical procedures than neonates not diagnosed with birth trauma. Simply stated, preventing birth trauma will reduce infant morbidity and mortality and reduce the stresses it places on the health care system.
